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Evaluation of the Cardiovascular System 
During Various Circulatory Stresses 
A. Introduction: 
- For the past three years, the Cardiology DivisAon at the Stanford 
University School of Medicine has worked in close cooperation with the 
Biotechnology Division of the NASA Ames Research Center in Mountain View, 
California. Support for the work at Stanford has been provided by the 
NASA Grant NGL 05-020-305 entitled The Evaluation of the Cardiovascular 
System During Various Circulatory Stresses. Much has been accomplished 
on this program, as has been documented in previous official reports to 
NASA and in various publications in national medical journals. The pur- 
pose of this present report is to update the continued progress which has 
been made on the project sponsored by this grant during the past year, 
The initial purposes for initiating this grant were: 
1. To develop, test, and validate equipment and techniques for 
measuring cardiovascular performance by non-invasive methods. 
These studies were designed to develop hardware and techniques 
which could be used to study man's circulatory performance in 
the space environment. 
2. To develop and improve hardware for validating the non-invasive 
techniques for accuracy. This required the modification of invaslve 
techniques and the development of new transducer systems. Specific 
work has been carried out to improve methods for volume angiography, 
f o r  t e s t i n g  new micro t ransducers  and f o r  developing new techniques 
f o r  measuring c a r d i a c  output  and p e r i p h e r a l  blood flow. 
3. To des ign  s t u d i e s  which would provide  a b e t t e r  understanding 
of ca rd iovascu la r  c o n t r o l  mechanisms when s t r e s s  is  p laced  upon 
t h e  organism. These s t u d i e s  were designed p r i m a r i l y  t o  determine 
t h e  e f f e c t  of we igh t l e s snes s  on man. S tud ie s  have been planned 
t o  u se  bed r e s t  t o  s imu la t e  t h e  space  environment and use  mea- 
surements of ca rd iovascu la r  f u n c t i o n  t o  p r e d i c t  what may happen 
t o  t h e  cardiovasc 'ular  system when man is  sub jec t ed  t o  prolonged 
weight lessness .  
Much of t h e  p rog res s  which has  occurred w i t h  these  s t u d i e s  dur ing  t h e  
p a s t  twelve months i s  o u t l i n e d  i n  t h e  r eques t  f o r  new funds f o r  t h e  y e a r  
beginning September 1, 1971, and i n  t h e  summary p rog res s  r e p o r t  of February 
1, 1971. Add i t iona l  p rog res s  i s  p re sen ted  i n  d e t a i l  i n  t h e  r e q u e s t  f o r  
supplemental  funds i n  June 1971. A copy of t h i s  r e p o r t  i s  a t t ached .  Now- 
ever, a t  t h i s  t i m e  r e p r i n t s  and a summary of t h e  work performed under 
sponsorsh ip  of t h i s  g r a n t  w i l l  b e  provided.  
B. Summary of Accomplishments During t h e  Year June 1, 1970 through May 31, 1971:  
The f o u r  s p e c i f i c  areas of accomplishment dur ing  t h e  p a s t  twelve months 
i nc lude  : 
1. Pre l iminary  t e s t i n g  of a non-invasive method f o r  measuring venous 
p r e s s u r e .  During t h e  p a s t  y e a r ,  working i n  a s s o c i a t i o n  w i t h  the Ames 
. - Research Center eng inee r ing  s t a f f ,  a non-invasive method f o r  e s t i m a t i n g  
venous p r e s s u r e  has  been developed. Pre l iminary  s t u d i e s  w i t h  the 
method have demonstrated i ts  f e a s i b i l i t y  and have provided us  w i t h  
a l i s t  of l i m i t a t i o n s  f o r  t h e  method. The p r i n c i p l e  f o r  t h i s  technique 
i s  based on i n i t i a l  work done by t h e  A i r  Force i n  t h e  development of a 
"Flack t e s t e r . "  U t i l i z i n g  a s p e c i a l l y  designed u l t r a s o n i c  f low t r ans -  
ducer  which can b e  p laced  over  a p e r i p h e r a l  v e i n  and sense  phas i c  f l o w ,  
coupled w i t h  a mouthpiece device  which a l lows  t h e  a c c u r a t e  record ing  
of t h e  p r e s s u r e  w i t h i n  t h e  major a i r  ways of t h e  c h e s t  dur ing  a. fo rced  
e x p i r a t i o n  i n  which t h e  e p i g l o t t i s  remains open, it is assumed that  
when i n t r a - t h o r a c i c  p re s su re -exceeds  p e r i p h e r a l  venous p r e s s u r e ,  f low 
w i l l  s t op .  Furthermore, i t  is  assumed t h a t  t h e  r i g h t  a t r i um i s  a t h i a -  
. 
w a l l  s t r u c t u r e  and w i l l  t r ansmi t  a c c u r a t e l y  t h e  p re s su re  w i t h i n  t h e  
t h o r a c i c  cav i ty .  T h e . e n t i r e  concept has  been t e s t e d  and f low does 
cease  when i n t r a - t h o r a c i c  p r e s s u r e  exceeds p e r i p h e r a l  venous p r e s s u r e ,  
S t u d i e s  have been c a r r i e d  ou t  i n  30 i n d i v i d u a l s  i n  whom an  e s t ima t ion  
of r i g h t  a t r i a l  p r e s s u r e  by t h i s  technique could b e  compared w i t h  r i g h t  
a t r i a l  p r e s s u r e  measured d i r e c t l y  dur ing  t h e  cou r se  of c a r d i a c  cathe-  
t e r i z a t i o n .  These p re l imina ry  s t u d i e s  have demonstrated t h a t  t h e  
technique i s  f e a s i b l e  b u t  h a s  a s i g n i f i c a n t  number of problems which 
must b e  overcome. These w i l l  b e  presented  a s  a  s e r i e s  of s p e c i f i c  
s t u d i e s  t o  b e  c a r r i e d  o u t  i n  t h e  coming yea r  i n  t h e  Proposed Research 
s e c t i o n  of t h i s  p rog res s  r e p o r t  (See Abs t r ac t  # 4 ) .  
2. Assoc ia t ion  w i t h  D r .  Harold Sandler  of t h e  Biotechnology Div i s ion  
a t  A m e s  r e s e a r c h  f i e l d  i n  development of computer g raph ic  techniques  
f o r  s tudying  t h e  f u n c t i o n  of t h e  l e f t  v e n t r i c l e ,  t h e  main pumpfing 
chamber of t h e  h e a r t .  Pre l iminary  s t u d i e s  were performed, demon- 
. . 
s t r a t i n g  t h a t  by u t i l i z i n g  d a t a  obta ined  from volume angiographies  
and ana lyz ing  i t  by t h e  computer g raph ic s  method, sma l l  a r e a s  of mai- 
func t ion ing  v e n t r i c u l a r  muscle could be  observed. These techniques  
have been appiied in several patients with ventricular aneurysm 
(small areas of dysfunction in the wall of the left ventricle) and 
it is planned to perform further studies utilizing these techniques 
during the coming year. This technique was the subject of a major 
press release by NASA which was circulated throughout the world as 
demonstrating NASA's activities in improving biomedical technology. 
Further studies utilizing this technique are outlined below. 
3. Studies to demonstrate the validity of new intravascular pressure 
. 
, sensors. During the past year two types of intravascular pressure 
transducers were developed at the Ames Research Center. These two 
microtransducers were given preliminary evaluations in animals and in 
a series of selected patients. Several problems were encountered 
which has necessitated a change in design of the pressure trans- 
ducers. These changes are now being made and during the next year, 
further validation studies utilizing these transducers are planned, 
4. Ultrasound for determining ventricular volume and for estimating 
cardiac output. Since the initial demonstration by the cardiology 
group at Stanford University that ultrasound techniques could be used 
to record ventricular dimensions and thereby utilized for the calcu- 
lation of ventricular volume, much work has been done to validate the 
techniques. In the past year, improved methods for obtaining ultra- 
sonic measurements of the left ventricular size were developed, and a 
new type of transducer which allows the operator to focus on one 
segment of the heart, thereby permitting better recordings, was 
developed. In addition, a new graphic method for presenting data 
from ultrasonic studies was developed by the Electronics For Medicine 
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Corporation. This equipment w i l l  b e c o ~ e  a v a i l a b l e  t o  the  Cardiology 
Division a t  Stanford Universi ty School of Medicine during the  coming 
s i x  months and f u r t h e r  s t u d i e s  t o  v a l i d a t e  the  measurenlent of s t roke  
volume by u l t r a s o n i c  techniques a r e  planned, u t i l i z i n g  t h i s  type of 
equipment. U t i l i z i n g  the  new graphic method f o r  present ing ul trasound 
d a t a  makes poss ib le  the  recording of the  s t r o k e  volume and cardiac  
output  i n  a much higher  percentage of p a t i e n t s  than had been poss ib le  
i n  the i n i t i a l  s t u d i e s  done by us. 
During the  p a s t  yea r ,  th ree  o the r  l abora to r ies  throughout the  
country were ab le  t o  confirm the  o r i g i n a l  observations of the  car- 
diology group a t  Stanford. A t  t he  Universi ty of Indiana i n  D r .  
Harvey Feingenbaum's labora tory ,  i n  the  cardiology l abora to r ies  of 
t h e  Universi ty of North Carolina School of Medicine, and i n  the 
cardiology labora tory  a t  the  Universi ty of Alabama School of Medicine 
i n  Birmingham, s t u d i e s  were performed t o  demonstrate the  o v e r a l l  
v a l i d i t y  of recording and ca lcu la t ing  s t roke  volumes from u l t r a -  
son ica l ly  measured v e n t r i c u l a r  dimensions. The number of p a t i e n t s  
i n  whom these  s t u d i e s  have been performed has been g rea t ly  expanded 
over the  5 1  o r i g i n a l  p a t i e n t s  s tud ied  by D r s .  Harrison and Popp a t  
Stanford Universi ty School of Medicine. During the  coming year 
extens ive  s t u d i e s  t o  v a l i d a t e  f u r t h e r  our i n i t i a l  observations and  t o  
expand t h e  use of these  techniques t o  a broader group of p a t i e n t s  are 
planned. These s t u d i e s  w i l l  be out l ined i n  the  research proposals f o r  
t h e  coming year. 
. - 
C. Specific Research Proposals for the Year September 1, 1971 to August 31, 1972:  
During the coming year, developing improvements in non-invasive tech- 
niques for measuring cardiovascular performance are planned. These changes 
in technique will require validation in a large number of patient studies, 
In addition, new studies to understand more precisely the way in which the 
circulatory system responds to stresses will be initiated. Specific 
studies will be performed in four areas: 
1. Expanding and validating studies with ultrasound for determining 
ventricular dimensions. After a two-year assignment in the United 
States Army, Dr. Richard Popp will be rejoining the Cardiology 
Division at Stanford University School of Medicine and will be respon- 
sible for studies in this general area. Three specific types of 
studies are now in progress and will be expanded: 
a. In order to improve our capabilities for recording ventri- 
cular dimensions by ultrasound and for increasing the number of 
patients in whom accurate measurement can be made, several steps 
are proposed. First, a new focusable transducer developed by 
the Smith Kline Instrument Company will be utilized for measuring 
ventricular dimensions in 50 patients in the cardiology service 
at Stanford University School of Medicine. Secondly, in each 
instance, the new Electronics For Medicine graphic methods for 
presenting the measurements will be utilized. Thirdly, a series 
of studies will be carried out in which ultrasonic measurement, 
determined in the manner outlined above, will be compared with 
those made in the course of volume angiography in 50 patients in 
whom volume angiography is performed as part of the routine 
cardiac catheterization in the cardiology laboratories at Stan- 
ford. In these same patients, stroke volume will be determined 
by recording cardiac output either by dye-dilution techniques or 
the Fick method. These studies will allow a simultaneous com- 
parison of cardiac output measured by ultrasound, volume angio- 
graphy, and the standard Fick and dye methods. No doubt, there 
will be differences in the measurements recorded by these three 
techniques. The development of correction factors and specific 
regression equations for each patient category will be necessary, 
It is anticipated that such factors can be determined by studying 
a variety of patients with different cardiovascular diseases, 
b. During the coming year a series of bed rest simulation ex- 
periments for space flight will be carried out at the Ames Re- 
search Center in their new clinical facility. Recording of 
ventricular dimensions by ultrasonic techniques in these patients 
during the course of their bed rest will be performed. It is 
anticipated that these studies will provide a basis on which to 
expand 'our studies relating to the alterations in the cardio- 
vascular system during prolonged weightlessness. Recordings 
will be made at 48-hour intervals on these patients undergoing 
the bed rest simulation experiments. These studies will be per- 
formed at Ames Research Center. 
c. Since the rate at which the wall of the left ventricle con- 
tracts is an important measure of its performance, ultrasound 
will be used to record the rate at which the left ventricular 
wall moves. This value will be corrected for heart rate and 
intervascular pressure and its validity as a measure of vein- 
tricular performance will be assessed against standard recordings 
of left ventricular pressure and volume measurements in patients 
with cardiovascular disease. In addition, since the compliance 
of the ventricular wall during relaxation is becoming increasingly 
important as a measure of performance characteristics of the  
heart as a hydraulic pump, ultrasound should provide some measure 
of this rate of relaxation, specific studies relating to a be t t e r  
understanding of the compliance characteristics of the ventricu- 
lar wall are thus planned, utilizing ultrasound. 
2. Continuing studies on the non-invasive methods for measuring central 
venous pressure. During the coming year, Dr. John S. Schroeder will 
continue his work in association with the engineering staff of the 
Ames Research Center in modifying and improving the "Flack tester" f o r  
estimating central venous pressure. A series of specific studies are 
planned utilizing the instruments now available in the cardiology 
laboratory at Stanford. 
a. Utilizing the ultrasonic flow transducer placed on a peri- 
pheral vein and the mouthpiece device for estimating air-way 
pressure and thus intrathoracic pressure, venous pressure 
measurements will be estimated on 100 patients undergoing 
cardiac catheterization and the measurements made by this tech- 
nique compared to those obtained from a catheter placed in the  
. - 
right atrium during the course of cardiac catheterization. 
Since the relationship between these two pressures will not be 
one to one, regression lines will be constructed so that cor- 
rections of the estimated pressure by the non-invasive method 
can be made. It is hoped that this technique will provide 
methods for determining central venous pressure. 
b. Since one of the major problems with this technique is that 
during forced expiration, the right atrial pressure rises and 
does not give a clear reflection of the resting right atrial 
pressure, an improved method for presenting the thoracic pres- 
sure changes occurring during the test to the patients and to the 
physician will be developed. This will allow the patient who 
is cooperative to develop an expiration pressure only a few 
millimeters above that necessary to stop venous flow in a peri- 
pheral vein. This should improve the correlation between the 
true right atrial pressure at rest and the right atrial pressure 
determined by the Flack test. 
c. The gradients which exist in the great veins from a pesi- 
pheral vein in the arm to the right atrium have not been deter- 
mined accurately with advanced technology which has become available 
during the past ten years. In a series of patients undergoing 
cardiac catheterization, such determinations will be made using 
an intravascular pressure transducer so that a better under- 
standing of the pressure-flow characteristics of the venous 
system can be made. This will allow an improvement in the con- 
ceptual design of equipment for estimating venous pressure and 
. - 
will be essential for determining the validity of the Flack test 
as a method for measuring central venous pressure by non-invasive 
techniques. These studies will be carried out in twenty patients 
dur ing  t h e  next  s i x  months. 
.It i s  a n t i c i p a t e d  t h a t  a f u l l  c l i n i c a l  eva lua t ion  of t h e  
"Flack t e s t e r ' '  w i l l  be  made during t h e  nex t  twelve months and 
t h a t  a f i n a l  r e p o r t  summarizing i t s  v a l i d i t y  and l i m i t a t i o n s  can 
then  be  made. 
3. Improvement i n  techniques  f o r  volume angiography. During t h e  pas t  
decade, i t  has  been apparent  t h a t  improvement i n  t h e  techniques  f o r  
determining v e n t r i c u l a r  volume by angiographic  techniques  was essen- 
t i a l  i f  t h e  methods were t o  be  adopted f o r  widespread u s e  throughout 
t h e  world. Seve ra l  promising techniques  have been developed. These 
inc lude :  videodensi tometry,  i n  which a l a r g e  computer i s  used t o  
s can  t h e  p r o j e c t e d  image of t h e  h e a r t  once i t  i s  made opaque by t h e  
i n j e c t i o n  of a r ad io -con t r a s t  medium. Th i s  work has  been pioneered 
by D r .  E a r l  Wood a t  t h e  Mayo C l i n i c .  A second improvement has  been 
t h e  development of computer programs f o r  record ing  t h e  coo rd ina t e s  of  
t h e  v e n t r i c u l a r  chamber when i t  i s  t r a c e d  w i t h  a p lan imeter .  These 
computer techniques  have been developed by D r .  Harold Sandler  and a r e  
be ing  used i n  a number of l a b o r a t o r i e s ,  i nc lud ing  our  own. I n  s p i t e  
of bo th  of t h e s e  developments, t h e  method remains time-consuming, and 
f o r  t h e  videodensi tometry method, extremely expensive,  s i n c e  a large 
computer i s  r equ i r ed .  I n  view of t h e s e  d i f f i c u l t i e s ,  we have 
develoyed a new concept which w i l l  be  t e s t e d  during t h e  coming year 
which may make t h e  technique of volume angiography much e a s i e r ,  The 
improvement i n  volume angiographic  techniques  i s  important  s o  t h a t  
t h e  non-invasive methods f o r  record ing  v e n t r i c u l a r  performance can 
be  v a l i d a t e d  more f u l l y .  The development of t h i s  method i s  e s s e n t i a l  
t o  t h e  ongoing NASA a c t i v i t i e s  a t  S tanford .  
The method which we propose i s  a s  follows: F i r s t ,  t h a t  volume 
angiograms be performed during the  course of ca rd iac  ca the te r i za t ion  
i n  a method s i m i l a r  t o  t h a t  now being u t i l i z e d .  Secondly, t h a t  the  
v e n t r i c u l a r  images be recorded on a high-speed video d i s c  which has 
been made ava i l ab le  t o  us by the  Data Memory Corporation. Once the  
video images have been recorded on the  d i s c ,  a number of methods a r e  
a v a i l a b l e  i n  our system f o r  enhancing t h e  video images. These include 
sub t rac t ion  modes and adjustment of the  con t ras t s  of surrounding 
s t r u c t u r e s .  On the  same video d i s c s ,  analog s i g n a l s  f o r  pressure  and 
e l e c t r i c a l  events occurring wi th in  t h e  h e a r t  can a l s o  be projec ted ,  
Thirdly,  t h a t  s p e c i f i c  video p i c t u r e s  f o r  end-dias to l ic  and end-sys- 
t o l i c  dimensions be chosen by the  physician performing the  study,  
Fourth, a light-pen which has  been developed i n  prel iminary form for 
us by the  Tektronix Corporation w i l l  be used t o  t r a c e  the  o u t l i n e  of 
t h e  v e n t r i c l e  manually. We have demonstrated t h a t  t h i s  i s  f e a s i b l e ,  
F i f t h ,  the  coordinates t r aced  by the  light-pen w i l l  be t ransmit ted  t o  
a computer i n  t h e  cardiology labora tory  at Stanford f o r  analog t o  
d i g i t a l  conversion. Sixth ,  the computer now contains programs for 
recording and ca lcu la t ing  v e n t r i c u l a r  volumes, changes i n  v e n t r i c u l a r  
volume, s t roke  volume, e j e c t i o n  f r a c t i o n s  and movements of var ious  
segments of the  v e n t r i c u l a r  w a l l  from t h e  coordinates of the  l i g h t -  
pen t rac ing.  
This technique has been t e s t e d  i n  a prel iminary manner and is  
f e a s i b l e .  During the  next  twelve months th ree  s p e c i f i c  s t u d i e s  a r e  
planned u t i l i z i n g  t h i s  new image processing method: 
a. A s e r i e s  of radio-opaque c a s t s  of v e n t r i c u l a r  chambers have 
been developed during the past two years. These will be photo- 
graphed in a standard way utilizing the cine-recording equipment 
in the Cardiology Laboratory at Stanford. The same images will 
be recorded simultaneously on the video disc and on cine-film, 
The volumes will be determined for the standard models utilizing 
the conventional method for doing angiography and the new video 
disc light-pen method. This will allow a comparison of the two 
techniques and a way for determining the validity of the present 
. ! 
method . 
b. In specific,selected patients,simultaneous recordings of ven- 
tricular angiograms will be recorded on the video disc and on 
cine-film. Ventricular volumes and stroke volumes will be cal- 
culated independently by two groups of investigators so that 
these two methods may be compared. 
c. Ventricular volumes determined by the video disc light-pen 
method will be compared with those determined by the ultrasound 
techniques described in Section 1 of our proposed research for 
the coming year. 
If indeed this new video disc light-pen method is successful, it 
offers three specific advantages: First, it is simple, and utilizes 
the human eye to make decisions which are difficult for a computer to 
make. Secondly, it is inexpensive, since the entire system will cost 
no more than $25,000, if a small mini-computer with 8-K of memory is 
available. Third, it appears to us that the accuracy of using the 
light-pen may be much greater than using the planimeter scanning arm now 
employed i n  convent iona l  volume angiography. During t h e  coming y e a r ,  
each of t h e s e  s p e c i f i c  p o i n t s  w i l l  be  t e s t e d  by experimental  s tudy ,  
4. S tud ie s  on ca rd iovascu la r  c o n t r o l  mechanisms. During t h e  coming 
y e a r ,  s e v e r a l  t ypes  of s t u d i e s  on ca rd iovascu la r  c o n t r o l  mechanisms 
a r e  planned. These inc lude  : 
a. During t h e  course  of bed r e s t  s t u d i e s  performed a t  Ames 
Research Center  and on c a r d i a c  p a t i e n t s  a t  S tanford  Un ive r s i t y  
School of Medicine, u l t r a sound  techniques  w i l l  be  used t o  de- 
termine t h e  r a t e  a t  which t h e  l e f t  v e n t r i c u l a r  w a l l  moves so 
t h a t  an e s t i m a t i o n  of t h e  f u n c t i o n  of t h e  h e a r t  can be  made, 
b. S tud ie s  r e l a t i n g  t o  methods t o  determine p e r i p h e r a l  blood 
f low w i l l  b e  c a r r i e d  out .  The use  of t h e  Doppler u l t r a s o n i c  
f low measuring techniques  developed by D r .  F ranc i s  McLeod of the 
E l e c t r i c a l  Engineering Departnent  a t  S tanford  Un ive r s i t y  will be  
u t i l i z e d  f o r  t h e s e  s t u d i e s .  D i r e c t  comparison between t r ans -  
cutaneous Doppler f low measurements and those  made by e l e c t r o -  
magnetic f low meters  w i l l  b e  made. These s t u d i e s  w i l l  be  
c a r r i e d  o u t  i n  animals i n i t i a l l y ,  and later dur ing  t h e  second 
y e a r  i n  t h e  ope ra t ing  room during t h e  course  of cardiovascuEar 
surgery .  
c. P r e c i s e  methods f o r  e s t ima t ing  blood f low t o  a s e r i e s  of 
organs throughout t h e  body are needed. I n  o rde r  t o  understand 
p r e c i s e l y  t h e  f u n c t i o n  of t h e  ca rd iovascu la r  system, t h e  
r e g u l a t i o n  of f low t o  s p e c i f i c  v a s c u l a r  beds i s  e s s e n t i a l .  One 
such s p e c i f i c  bed i n  which new and improved techniques  a r e  
needed a t  t h i s  t ime i s  t h e  l i v e r .  The l i v e r  has  a dua l  blood 
supply from t h e  h e p a t i c  a r t e r y  and t h e  p o r t a l  ve in .  I n  t h e  p a s t ,  
subs tances  which a r e  removed by t h e  l i v e r  from t h e  blood Rave 
been used t o  e s t i m a t e  l i v e r  blood flow by determining c l ea rance  
r a t e s  by t h e  l i v e r .  During t h e  ccming y e a r ,  such methodology 
w i l l  be  s tud ied  us ing  indocyanine g reen  a s  t h e  subs tance  which 
t h e  l i v e r  e x t r a c t s .  A r t e r i a l  and h e p a t i c  venous concen t r a t ions  
w i l l  b e  determined i n  o rde r  t o  e s t i m a t e  t h e  c l ea rance  of t h e  
subs tance  frbm t h e  l i v e r .  Other subs tances  such a s  l i d o c a i n e  
w i l l  a l s o  b e  used a s  an  i n d i c a t o r .  Equat ions w i l l  be  developed 
f o r  determining t h e  r a t e  of c l ea rance  by t h e  l i v e r  of t h e  sub- 
s t a n c e s  as they  a r e  removed from a r t e r i a l  blood. Perhaps i t  w i l l  
b e  p o s s i b l e  t o  develop a method f o r  determining blood flow which 
does n o t  r e q u i r e  measuring t h e  concen t r a t ion  i n  h e p a t i c  venous 
blood. The d e t a i l s  of t h i s  s tudy  have n o t  y e t  been developed, 
b u t  w i l l  b e  planned f o r  t h e  coming year .  
d. S t u d i e s  of t h e  response  of animals  t o  damage of t h e  n o m l  
v e n t r i c l e  by myocarcial  i n f a r c t i o n .  Myocardial i n f a r c t i o n  will 
be  produced i n  a c u t e  and chronic  animals  by l i g a t i o n  of coronary 
a r t e r i e s  o r  by ameroid c o n s t r i c t o r s  placed around coronary 
a r t e r i e s .  S e r i a l  measurements of changes i n  ca rd iovascu la~r  
func t ion  a s  i t  r e l a t e s  t o  t h e  s i z e  of t h e  a r e a  damaged w i l l  be 
made. S p e c i f i c  drugs,  such a s  l i d o c a i n e ,  i s o p r o t e r e n o l  and 
d i g i t a l i s  w i l l  b e  adminis te red  s o  t h a t  c a r e f u l  measurement of t h e  
e f f e c t s  of t h e s e  drugs on ca rd iovascu la r  mechanics can be  recorded 
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Although echocardiography (ECHO) has  been widely 
used t o  diagnose t h e  presence  and s e v e r i t y  of m i t r a l  
s t e n o s i s ,  i t  h a s  n o t  been employed e x t e n s i v e l y  t o  
d e t e c t  o t h e r  l e s i o n s  mimicking m i t r a l  d i sease .  Re- 
c e n t l y  we have de t ec t ed  two s u r g i c a l l y  proven a t r i a l  
myxomas and s t u d i e d  t h e i r  i n t r a c a r d i a c  motion w i t h  
ECHO. I n  one p a t i e n t  w i t h  p h y s i c a l  s i g n s  of m i t r a l  
i n s u f f i c i e n c y ,  dyspnea of n i n e  y e a r s  d u r a t i o n  and 
chronic  a t r i a l  f i b r i l l a t i o n ,  t h e  d i agnos i s  of an  
a t r i a l  tumor was suggested only by t h e  ECHO and n o t  
confirmed by c a t h e t e r i z a t i o n  o r  angiography. I n  t h e  
second p a t i e n t ,  e x e r t i o n a l  dyspnea, f e v e r ,  vary ing  
s i g n s  of m i t r a l  s t e n o s i s  and an  e l e v a t e d  e r y t h r o c y t e  
sed imenta t ion  r a t e  suggested t h e  c o r r e c t  d i agnos i s .  
I n  t h i s  p a t i e n t  ECHO demonstrated tumor echoes be- 
h ind  t h e  m i t r a l  va lve ,  and i n  a d d i t i o n ,  t h e  a n t e r i o r  
and p o s t e r i o r  margins of t h e  tumor moving w i t h i n  t h e  
h e a r t .  Angiography confirmed bo th  t h e  d i agnos i s  and 
t h e  p a t t e r n  of tumor-motion suggested by ECHO. 
ECHO i s  a  u s e f u l ,  a t r auma t i c  method f o r  detec-  
t i n g  l e f t  a t r i a l  tumor and should be  employed as a 
sc reen ing  method i n  a l l  p a t i e n t s  w i t h  a t y p i c a l  pre- 
s e n t a t i o n s  of m i t r a l  d i sease .  Th i s  technique  thus  
provides  n o t  only conf i rmat ion  of suggested m i t r a l  
s t e n o s i s  b u t  may i d e n t i f y  t h e  occas iona l  p a t i e n t  
w i t h  an  a t r i a l  tumor l ead ing  t o  a p p r o p r i a t e  diag- 
n o s t i c  procedures  and avoidance of hazardous 
s t u d i e s  . 
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Alprenolo l ,  a new be ta-adrenerg ic  blocking agent  
w i t h  some i n t r i n s i c  beta-agonist  p r o p e r t i e s ,  w a s  ad- 
min i s t e r ed  in t r avenous ly ,  0 .2 mg/kg, t o  14  p a t i e n t s  
w i th  v a r i o u s  types  of acqui red  h e a r t  d i s e a s e  during 
c a r d i a c  c a t h e t e r i z a t i o n .  Hemodynamic measurements 
were made b e f o r e  and a f t e r  t h e  drug a t  r e s t ,  w i t h  
i s o p r o t e r e n o l  cha l lenge  and, i n  9 p a t i e n t s ,  w i t h  
exe rc i se .  During e x e r c i s e  s i g n i f i c a n t  r educ t ions  
were noted i n  h e a r t  r a t e  response (an i n c r e a s e  of 
19% b e f o r e  t h e  drug,  12% af t e r )  , s y s t o l i c  p r e s s u r e  
response  (13% i n c r e a s e  v s .  7% i n c r e a s e )  and c a r d i a c  
index  response (43% i n c r e a s e  v s .  37% i n c r e a s e ) .  
Right a t r i a l  mean and pulmonary a r t e r y  mean pres-  
s u r e s  r o s e  s i g n i f i c a n t l y  a t  r e s t  (43% and l o % ) ,  a l -  
though l e f t  v e n t r i c u l a r  end -d ia s to l i c  p r e s s u r e  was 
n o t  s i g n i f i c a n t l y  a l t e r e d  during e i t h e r  r e s t  o r  
e x e r c i s e .  S l i g h t  e l e v a t i o n s  i n  sys temic  and pul- 
monary v a s c u l a r  r e s i s t a n c e  occurred a f t e r  a l p r e n o l o l .  
It i s  concluded t h a t  i n  p a t i e n t s  w i th  h e a r t  d i s e a s e ,  
a l p r e n o l o l  has  s i g n i f i c a n t  nega t ive  i n o t r o p i c  e f f e c t s  
and a consequent d e l e t e r i o u s  e f f e c t  on c a r d i a c  per- 
formance, probably secondary t o  i t s  beta-blocking 
a c t i o n s .  (Supported i n  p a r t  by N I H  Grant No. HE- 
09058, 5709, and 5866.) 
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a n a l y s i s  of c a r d i a c  c a t h e t e r i z a t i o n  d a t a .  C i r c u l a t i o n  41, Q : 3 7 0 ,  
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An automated rea l - t ime system us ing  a sma l l  d i -  
g i t a l  computer has  been developed f o r  t h e  a n a l y s i s  of 
d a t a  during c a r d i a c  c a t h e t e r i z a t i o n .  Operator  i n t e r -  
a c t i o n  w i t h  t h e  computer i s  accomplished w i t h  a  
s p e c i a l l y  designed keyboard. Analog s i g n a l s  repre-  
s e n t i n g  p r e s s u r e s ,  dye d i l u t i o n  curves ,  and QRS o n s e t s  
a r e  processed.  The r e s u l t s  a r e  numerical  v a l u e s  f o r  
a t r i a l ,  v e n t r i c u l a r  and systemic p r e s s u r e s ,  c a r d i a c  
ou tpu t ,  h e a r t  r a t e  and va lve  g r a d i e n t s  and a r e a s .  The 
r e s u l t s  a r e  d isp layed  immediately on a  la rge-screen  
TV monitor  i n  t h e  l abo ra to ry .  A complete r e p o r t  i s  
p r i n t e d  a t  t h e  end of t h e  procedure.  Following a  
t r i a l  p e r i o d  of ope ra t ion ,  a  "bl ind" comparison of 
computer and manual measurements was made. A l l  of 
t h e  p r e s s u r e  d a t a  comparisons showed an  e x c e l l e n t  
agreement between computer and phys i c i an ,  w i th  t h e  
l a r g e s t  s t anda rd  e r r o r  of t he  e s t i m a t e  being 6.5 
mmHg and t h e  s m a l l e s t  c o r r e l a t i o n  c o e f f i c i e n t  being 
.90. Th i s  agreement i s  b e t t e r  than  t h e  v a r i a b i l i t y  
i n  p r e s s u r e  measurements between phys ic ians .  It i s  
concluded t h a t  automated hernodynamic d a t a  a n a l y s i s  
i s  a c c u r a t e  and t h a t  r a p i d  a v a i l a b i l i t y  of r e s u l t s  
lmproves d e c i s i o n  making during t h e  procedure and 
a i d s  i n  completeness of ca rd iovascu la r  i n v e s t i g a t i o n .  
4. Schroeder ,  J .S . ,  Graham, A.F., Rosi tano,  S.A., Sandler ,  H.L., and 
Harr i son ,  D.C.: A non-invasive method f o r  measuring r i g h t  a t r i a l  
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A method has  been developed which can e s t i m a t e  
r i g h t  a t r i a l  p r e s s u r e  us ing  Doppler monitor ing of 
p e r i p h e r a l  venous f low and measuring f n t r a t h o r a c i c  
p r e s s u r e  dur ing  a  modif ied Valsa lva  maneuver. Using 
a  Doppler s i g n a l ,  t h e  b a s i l i c  v e i n  y i e l d s  a  pulsa-  
t i l e  venous f low when t h e  v e i n  i s  f i l l e d  t o  t h e  
r i g h t  a tr ium. The p a t i e n t  g radua l ly  blows i n t o  a  
mouthpiece wi th  an  open g l o t t i s  wh i l e  monitor ing 
i n t r a - o r a l  p r e s s u r e  which r e p r e s e n t s  developing 
i n t r a - t h o r a c i c  p re s su re .  When i n t r a - t h o r a c i c  pres-  
s u r e  exceeds p e r i p h e r a l  venous p r e s s u r e ,  venous f low 
s t o p s .  A comparison has  been made of r i g h t  a t r i a l  
p r e s s u r e s  es t imated  by t h i s  technique and those  re-  
corded d i r e c t l y  through a  c a t h e t e r  i n  t h e  r i g h t  
a t r ium i n  50 p a t i e n t s  undergoing c a r d i a c  c a t h e t e r i -  
za t ion .  The r i g h t  a t r i a l  p r e s s u r e  c o r r e l a t i o n s  
were e x c e l l e n t  when t h e  p r e s s u r e  developed during 
t h e  Valsa lva  maneuver was used a s  t h e  s tandard .  How- 
eve r ,  t h e  c o r r e l a t i o n  w i t h  b a s a l  (non-Valsalva) 
r i g h t  a t r i a l  p r e s s u r e s  i n  some p a t i e n t s  who devel- 
oped sharp  e l e v a t i o n s  of r i g h t  a t r i a l  p r e s s u r e  
dur ing  t h e  Valsa lva  maneuver was v a r i a b l e .  This  
technique appears  t o  be  a  r e l i a b l e  and r ep roduc ib l e  
non-invasive method of a s s e s s i n g  r i g h t  a t r i a l  pres-  
s u r e  i n  man under s e l e c t  and s p e c i f i c  cond i t i ons .  
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---- 
Seve ra l  mathematical ana lyses  of t h e  p u l s e  
p re s su re  f o r  determining s t r o k e  volume have been 
employed widely a s  a  r a p i d  method of monitor5ng 
c r i t i c a l l y  ill p a t i e n t s .  Forty-two p a t i e n t s  w i t h  
~ n i t r a l  o r  coronary d i s e a s e  undergoing d i a g n o s t i c  
c a t h e t e r i z a t i o n  had s imultaneous s t r o k e  volume 
de termina t ions  by t h e  p u l s e  p re s su re  method and 
by t h e  dye d i l u t i o n  method under a  v a r i e t y  of 
hemodynamic condi t ions .  A l l  c a l c u l a t i o n s  were 
performed by a  sma l l  on- l ine  d i g i t a l  computer. 
Homer Warner, Kouchoukos, and Herd formulas were 
compared. F i f ty -n ine  comparisons were made 
during e x e r c i s e ,  f o u r t e e n  comparisons dur ing  i so-  
p r o t e r e n o l  i n f u s i o n ,  and seventeen comparisons 
fo l lowing  pentazoc ine  o r  p r a c t o l o l  admin i s t r a t i on .  
The c o r r e l a t i o n  c o e f f i c i e n t s  f o r  t h e  e x e r c i s e  
comparison ranged from .75 t o  .85; f o r  t h e  i so-  
properenol  comparison from .85 t o  .94; and f o r  
t h e  drug comparison t h e  range was .65 t o  .SO. 
Although t h e  s t r o k e  volume comparisons were 
s t a t i s t i c z l l y  s i g n i f i c a n t  between p a t i e n t s ,  
a b s o l u t e  changes i n  s t r o k e  volume from t h e  
r e s t i n g  cond i t i on  were n o t  a s  r e l i a b l y  de t e r -  
mined by t h e  p u l s e  p re s su re  method a s  by dye 
d i l u t i o n .  
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